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1.  Overview#of#the#ConsecuYve#ErupYons#of#19—20#May#2007#
•  MagneYc#Field#Structure,#Remote#and#MulYspacecrac#InJSitu#

ObservaYons#
•  21—23#May#2007#ICME#Flux#Rope#Structure#and#OrientaYon##

2.  New#Technique#for#SpaYal#Mapping/InterpolaYon#of#MulYspacecrac#Data#
•  DemonstraYon#&#Solar#Wind#Test#Period#
•  21—23#May#2007#Flux#Rope#ICMEs#and#Their#Surroundings#

3.  Comparison#of#MulYspacecrac#Ionic#ComposiYon#Data#with#Recent#Modeling#
of#Charge#States#Derived#from#MHD#SimulaYons#of#CME#IniYaYon#

4.  What#Can#We#Learn#from#an#Integrated#Data#Analysis/Modeling/SimulaYon#
Approach?##
•  “Telling#the#Story”#of#the#19—20#May#2007#CME#ErupYon#Scenario#



19—20#May#2007#CMEs#from#AR#10956:#WellJStudied#Event(s)#w/#Excellent#STEREO#Coverage#

STEREO#A#EUVI#195#
2007#MAY#19#–#12:52UT#–#CME##1#

STEREO#A#EUVI#195#
2007#MAY#20#–#04:52UT#–##CME##2#



19—20#May#2007#CMEs#from#AR#10956:#WellJStudied#Event(s)#w/#Excellent#STEREO#Coverage#

2007#MAY#19# 2007#MAY#20#



19—20#May#2007#CMEs#from#AR#10956:#WellJStudied#Event(s)#w/#Excellent#STEREO#Coverage#



19—20#May#2007#CMEs#from#AR#10956:#WellJStudied#Event(s)#w/#Excellent#STEREO#Coverage#



19—20#May#2007#CMEs#from#AR#10956:#WellJStudied#Event(s)#w/#Excellent#STEREO#Coverage#19—20#May#2007#CMEs#from#AR#10956:#WellJStudied#Event(s)#w/#Excellent#STEREO#Coverage#
e.g.,#Li#et#al.#(2008,#ApJ,#681,#L37),#Bone#et#al.#(2009,#SoPh,#259,#31),#Liewer#et#al.#(2009,#SoPh#
256,#57),#Veronig#et#al.#(2008,#ApJ,#681,#L113),#Gopalswamy#et#al.#(2009,#ApJ,#691,#L123),#Anrill#
(2010,#ApJ,#718,#494),#Kerdraon#et#al.#(2010,#ApJ,#715,#468),#Mierla#et#al.#(2008,#SoPh,#252,#385)#



19—20#May#2007#CMEs#from#AR#10956:#WellJStudied#Event(s)#w/#Excellent#STEREO#Coverage#

CME##2#MAY#20#CME##1#MAY#19#



21—23#May#2007#ICMEs#Seen#InJSitu#by#STEREO#A#&#B,#ACE,#and#Wind#



MC1# MC1#

MC2#MC2#

MC1#sheath?#

MC2#sheath?#

21—23#May#2007#ICMEs#Seen#InJSitu#by#STEREO#A#&#B,#ACE,#and#Wind#



#
Mulligan#&#Russell#(2001)#nonJcylindrical#
flux#rope#fits.#Distorted#ellipYcal#crossJ
secYons,#highly#inclined.#Fit#
mulYspacecrac#magneYc#field#data#
along#w/#velocity#flow#deflecYons.##
#

Other#model#fits#–#LFF#cylindrical,#GradJ
Shafranov#reconstrucYons#–#all#show#
similar#orientaYons,#FR#sizes,#etc.#
#

Up#unYl#now,#this#has#been#“stateJofJ
theJart”#visualizaYon.#Doesn’t#include#
nonJFR#ICME#structure#(sheath#region,#
background#solar#wind#flow,#etc).#
##

See#also:#
Liu#et#al.#(2008,#ApJ,#677,#L133)#
Kilpua#et#al.#(2009,#SoPh,#254,#325)#
Möstl#et#al.#(2009,#JGR,#114,#A08102)#
Möstl#et#al.#(2009,#SoPh,#256,#427)#
Rakowski#et#al.#(2011,#ApJ,#730,#30)##

21—23#May#2007#ICMEs:#Also#WellJ
Studied#Event(s)#

Mulligan#et#al.#(2013)#

Kilpua#et#al.#(2009)#



Mulligan#et#al.#(2013)#MulYspacecrac#InterpolaYon:#CreaYng#SpaYal#Maps#
#
Map#spacecrac#measurements#P(t)%into#spaYal##
funcYon#P(%r(t)%)%by#integraYng#bulk#velocity#vector#

Delaunay#TriangulaYon#on#set#of#points#P#generate#set#of#triangles#whose#circumcircles#
contain#no#points#on#the#interior.#Voronoi#tessellaYon#forms#a#cell#complex#that#parYYons#
convex#hull#–#useful#in#natural#neighbor#interpolaYon.##

H(x)%esYmate#of#funcYon#hpi(x)#using#
InterpolaYng#weights#λpi#(fracYon#of#area##
overlap).##
H(x)%is#a#conYnuous#interpolaYon#of#underlying#funcYon#except#at#original#data#points.#
#
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Test#period:#25—30#March#2007#
#
STA,#STB#separated#by#~4o#
##
2SC:#Interpolate#between#STA,#STB#data##
3SC:#Interpolate#btwen#STA,#STB,#&#ACE#

!#compare#w/#Wind#data#
#

"#Yme#

Yme#!#

Mulligan#et#al.#(2013)#



21—23#May#2007#ICMEs:#SpaYal#Maps#
#
STA,#ACE#separaYon##~5.9o#
STB,#ACE#separaYon##~3.1o#
STA,#STB#separaYon #~9o#
#

Bulk#plasma#properYes#Vp,#Np,#Tp,#and#
He++/H+#visualized#in#the#context#of#
ICME#magneYc#flux#rope#structure#
(crossJsecYon)#and#their#immediate#
interplanetary#environment.#
#
• #Flux#rope#distorYon#by#higher#speed#
regions#of#solar#wind#flow.#
#
• #Density#enhancements/compression#
structure#(pile#up)#in#sheath#regions#+#
surrounding#flux#ropes.#
#
• #Significant#variaYon#in#He++#
abundance.#CME#iniYaYon/source#region#
height?#

Mulligan#et#al.#(2013)#



MC1# MC1#

MC2#MC2#

MC1#sheath?#

MC2#sheath?#

21—23#May#2007#ICMEs#Seen#InJSitu#by#STEREO#A#&#B,#ACE,#and#Wind#



13:12J12:22UT#5/19# 06:02J04:52UT#5/20#

So#what’s#next?#How#do#we#relate#the#inJsitu#plasma#to#the#
coronal#source#region?#If#we#have#a#guess,#how#do#we#figure#out#if#
it’s#reasonable?##

##
# Insights#from#Modeling#

# Compare#In#Situ#Ionic#ComposiYon#Data#with#Modeling#of#
Charge#State#EvoluYon#

# Look#at#ProperYes#of#LargeJScale#MHD#EvoluYon#of#CME#
IniYaYon#and#PropagaYon#

# Combine#the#two!#
# LargeJScale#MHD#Plasma#evoluYon#dictates#ionic#charge#

evoluYon#
# Piece#everything#together#into#a#coherent#narraYve,#

i.e.,“Tell#the#Story”#



13:12J12:22UT#5/19# 06:02J04:52UT#5/20#Lynch#et#al.#(2011)#



13:12J12:22UT#5/19#

Lynch#et#al.#(2011)#



Lynch#et#al.#(2011)#



Reinard#et#al.#(2012)#SpaYal#Map#of#Average#Iron#Charge#State#<QFe>#
Ionic#charge#states#freezeJin#early#in#the#erupYon#!#probe#of#coronal#density,#temperature,#
and#erupYon#properYes.#Now#we#can#view#plasma#history#of#CME#FR/sheath/surroundings.##



Reinard#et#al.#(2012)#SpaYal#Map#of#Average#Iron#Charge#State#<QFe>#
Compare#with#recent#Lynch#et#al.#(2011,#ApJ,#740,#112)#MHD#simulaYons#deriving#charge#
states#from#MHD#simulaYons#of#CME#iniYaYon#(Breakout#Model,#Flux#CancellaYon#Model).##
#



Comparisons#of#Full#Iron#Charge#State#DistribuYon#QFe#:#SyntheYc#Spacecrac#Trajectories#



Comparisons#of#Full#Iron#Charge#State#DistribuYon#QFe#:#ObservaYons#&#SimulaYon#Results#



Reinard#et#al.#(2012)#SpaYal#Map#of#Average#Iron#Charge#State#<QFe>#
Compare#with#recent#Lynch#et#al.#(2011,#ApJ,#740,#112)#MHD#simulaYons#deriving#charge#
states#from#MHD#simulaYons#of#CME#iniYaYon#(Breakout#Model,#Flux#CancellaYon#Model).##
#



2010#August#1#ConsecuYve#ErupYons#–#(#1)#02:56UT,#(#2)#09:16,#(#3)#22:06####(Török#et#al.,#2011)###





InterpreYng#<QFe>#Map#&#SimulaYon#Results:#The#“Story”#of#the#19—20#May#2007#ErupYons#

Source#region#observaYons#
show#adjacent#flux#systems#
erupt#consecuYvely.#
Need#to#explain:##
• #Minor#<QFe>#enhancements#
in#MC1,#dualJpeak#hot#iron#
dist.#in#interior#of#MC2#
• #Enhancements#trailing#
BOTH#FRs#
• #The#“connecYon”#of#
enhancements#between#
MC1,#MC2#



#
1.  MulYspacecrac#spaYal#mapping/interpolaYon#technique#is#a#valuable#new#

tool#for#visualizaYon#and#interpretaYon#of#ICME#and#heliospheric#structure#
•  Easy#to#compare#to#global#MHD#simulaYon#results,#e.g.#ENLIL/SWMF/etc#

#
2.  Aspects#of#21—23#May#2007#ICME#charge#state#signatures#similar#to#those#

derived#from#BOTH#magneYc#breakout#AND#flux#cancellaYon%simulaYons#
•  Reasonable#agreement#on#flareJproduced#hot#iron#(16+)#in#FR#interior#–#

dual#peaked#QFe#distribuYon#
•  Reasonable#agreement#on#mildlyJenhancements#around#the#exterior#of#

the#ICME#FR#

3.  Able#to#interpret#seemingly#complex#events#w/#use#of#“simple”#models#

4.  Lots#of#future#work!#Parameter#studies,#constrain#MHD#modeling#–##
•  background#solar#wind,#coronal#heaYng##
•  energy#release#and#parYYon#in#erupYve#flares##
•  contribuYon#to#+#distribuYon#within#CME#ejecta#of#flareJheated#plasma#

CONCLUSIONS:#


